Patients: Sixty patients with presumed pancreatic neoplasms. Final diagnoses were benign disease in 57 patients (95%) and malignant pancreatic disease in 3 patients (5%).
T

HE LAPAROSCOPIC APPROACH
has been widely developed and has become the standard technique for several surgical procedures. [1] [2] [3] [4] [5] [6] [7] Initially, laparoscopic pancreatic operations were used for staging and palliative treatment of pancreatic neoplasms. 8 In recent years, advances in laparoscopic techniques have allowed surgeons to approach the pancreas and to treat pancreatic lesions laparoscopically. However, laparoscopic pancreatic operations are still uncommon because of the location of the pancreas, technical difficulties of pancreatic resection, the relative rarity of surgical pancreatic disorders, and the need for highly experienced laparoscopic and pancreatic surgeons. The total number of laparoscopic pancreatic resections performed is still small, and reports are often based on limited experience (few series have Ͼ10 patients). [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] A recently published multi-institutional study described 127 pancreatic resections performed in 27 European centers. 16 In our study, the individual experience of each participating surgeon remained limited. The aim of our prospective study was to determine the feasibility, limitations, safety, and outcome of laparoscopic pancreatic resection in a large single-institution study.
METHODS
PATIENTS
From January 1999 to February 2006, we performed a prospective evaluation of laparoscopic pancreatic resections in the Depart-ment of Abdominal Surgery at Haut-Lévêque Hospital, Centre Hospitalier Universitaire de Bordeaux, Bordeaux, France. Sixty patients were included. The inclusion criterion for the laparoscopic approach was having a benign lesion located in the body and/or tail of the pancreas. When lesions were located in the head of the pancreas, laparoscopic approach was planned if an enucleation was possible, according to preoperative assessment. Indications for the laparoscopic approach included presumably benign lesions (56 patients) and malignant lesions (4 patients). Of the 4 patients with malignant lesions, 1 had adenocarcinoma of the ampulla; 1 had a malignant endocrine tumor with bilobar metastases; 1 had metastatic renal cell carcinoma or endocrine tumor (preoperative diagnosis); and 1 had pancreatic ductal adenocarcinoma not confirmed by preoperative biopsies (preoperative diagnosis). Indications for operation were based on clinical symptoms, clinical biochemistry, and radiologic and endoscopic investigation. Preoperative assessment included ultrasonography, computed tomography (CT), magnetic resonance imaging, and endoscopic ultrasonography for characterization and localization of the lesions. For patients with a suspected insulinoma, hyperinsulinism was diagnosed on the basis of the clinical presentation of hypoglycemia, the determination of glucose and insulin serum levels during prolonged fasting up to 72 hours, and the determination of serum C-peptide levels. Factitious causes of hyperinsulinism were ruled out in all patients. For localization of insulinomas, standard preoperative imaging was performed, including CT, magnetic resonance imaging, endoscopic ultrasonography, and octreotide scintigraphy. For patients with suspected endocrine tumors, the preoperative workup was extended to include measures of chromogranin A and serum hormone concentrations.
SURGICAL TECHNIQUE
All the operations were performed by 3 senior surgeons (B.M., A.S., C.L.). Patients are placed supine in a lithotomy position. The surgeon stands between the legs of the patient, with the first assistant and the nurse on the right and left sides of the patient, respectively. Laparoscopic approach requires 4 trocars (Figure) . First, the body and the tail of the pancreas are exposed through a large window in the gastrocolic ligament by lifting the curvature of the stomach using the trocar close to the xiphoid process. The window may be created using scissors with an electrocautery or ultrasonic device. The window must be large enough to allow inspection beyond the gastroduodenal artery to the hilum of the spleen. For lesions located in the head of the pancreas, a left semilateral decubitus and a fifth trocar is employed. The head of the pancreas can be exposed by dissection of the pancreatic head from the mesocolic and dorsal gastric attachments. The posterior aspect of the head can be inspected after a Kocher maneuver. Then, an ultrasonic examination of the pancreas is performed with a laparoscopic 7-MHz probe. The main use of laparoscopic ultrasonography is 2-fold: to identify the lesion and to plan the placement of the surgical stapler to obtain an acceptable resection margin.
Enucleation
Ultrasonic examination of the pancreas is essential to localize tumors totally covered by a thin layer of pancreatic tissue and to determine if the tumor is close to the pancreatic duct. The dissection is carried out with a 5-mm bipolar electrocoagulation instrument with cautery between the healthy parenchyma and the tumor itself. The vessels of the tumor are secured with clips. The enucleated tumors were located in the body (n=10), tail (n=5), and head (n=3) of the pancreas.
Distal Pancreatectomy
In distal pancreatectomies, the pancreas is dissected from right to left in all patients. The anterior surface of the pancreas is exposed from the neck to the splenic hilum. Then, the inferior and superior edges of the pancreas are dissected to control the splenic vein and artery, respectively. Transection of the pancreatic parenchyma is achieved by endoscopic linear stapling. Selective suture closure of the pancreatic duct is not performed. When planned, we performed a spleen-preserving distal pancreatectomy with or without splenic vessel preservation (a technique invented by Warshaw 19 ). In the Warshaw technique, the splenic artery is transected after the pancreas transection; after mobilization of the gland, the splenic artery and vein are clipped and divided as they emerge from the pancreatic tail and enter the splenic hilum. The spleen is kept vascularized through the short gastric vessels and the left gastroepiploic vessels. The last step is the ligation and section of the splenic vein on the left side of the portal vein.
Medial Pancreatectomy
The pancreatic neck is freed from the superior mesenteric vein, the splenomesenteric confluence, and the portal vein. The pancreas is transected with a 60-mm linear stapler on the right side of the lesion. Depending on the extent and/or location of the disease, the pancreatic body can be separated from the splenic vessels by division of both arterial and venous branches. After transection of the pancreas with a bipolar electrocoagulation instrument, a 3-to 4-cm seromuscular incision is made on the posterior gastric wall. Then, the proximal end of the distal pancreatic remnant is anastomosed to the posterior wall of the gastric body in a single layer of 4-0 interrupted polydioxanone sutures, from the pancreatic parenchyma to the gastric seromuscular layer. No pancreatic duct stents were used in any patients. The splenic vessels and the spleen were preserved in all patients. All these steps are done by laparoscopy. Two silicon drains are left close to the ends of both proximal and distal pancreatic remnants in all patients. 
Pancreatoduodenectomy
The dissection and transection phase of the pancreatoduodenectomy was performed laparoscopically in all the patients, whereas the reconstruction phase was accomplished laparoscopically in 1 patient (Whipple procedure) and in another patient (total pancreatectomy) through a minilaparotomy (8 cm). For the Whipple procedure, a pancreatogastrostomy is performed and the pancreatic remnant is anastomosed to the posterior wall of the gastric body in a single layer of 4-0 interrupted polydioxanone sutures, from the mucosal (pancreatic remnant) to the mucosal (gastric) layer. For the Whipple procedure and total pancreatectomy, hepaticojejunostomies were performed with posterior and anterior 5-0 monofilament absorbable suture lines.
In both techniques, the specimen is extracted in an endoscopic plastic bag via an enlarged trocar site. A silicon drain is left in the pancreatic bed to the left of the pancreatic stump. This drain is removed at postoperative day 10. Surgical drainage output is recorded daily, and serum amylase levels and amylase levels of drainage fluid are monitored on postoperative days 5 and 10.
DATA COLLECTION
Surgical procedure, postoperative course, and follow-up were examined. The following data were prospectively collected: type and details of the operative procedures, blood loss, postoperative complications, final histologic diagnosis, and hospital stay. Postoperative pancreatic complications were defined by at least 1 of the following criteria: higher than a 5-fold serum amylase level in surgical drainage fluid after postoperative day 5, fluid collection at the surgical margin, or an amylase-rich fluid collection on CT. Pancreatic fistulae were classified according to the new pancreatic classification.
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STATISTICAL ANALYSIS
Statistical differences were studied using the 2 test with Yates correction for small samples and the t test when indicated. Statistical significance was defined as PϽ.05. The effect of independent predictive factors of postoperative complications after laparoscopic pancreatectomy was tested by multivariate logistic regression. The following variables were assessed for significance: patient's age, sex, and American Society of Anesthesiologists physical status score; whether the procedure was performed before or after the first 25 pancreatic resections; pancreatic disease, size, localization, and consistency; type of procedure; procedure with or without anastomosis; operative time; and switch to open laparotomy.
RESULTS
From January 1999 to February 2006, 397 patients underwent pancreatic resection for pancreatic lesions, of whom 60 (15%) were enrolled for laparoscopic pancreatic resection. The mean (SD) patient age was 49 (14) years; 45 (75%) were female. Patient characteristics are reported in Table 1 .
PATHOLOGY
All patients with serous cystadenoma were symptomatic or appeared macrocystic on preoperative imaging studies, suggesting mucinous cystadenoma. Laparoscopic pancreatic resection for malignancy was planned in 4 patients: 1 patient with adenocarcinoma of the ampulla and 1 patient with malignant neuroendocrine tumor and liver metastases; in the other 2 patients, preoperative diagnoses (metastatic renal cell carcinoma and pancreatic ductal adenocarcinoma) were not confirmed by final histologic findings (endocrine tumor and localized pancreatitis, respectively). One patient (1.6%) had a presumably benign lesion that turned out to be malignant at final pathologic examination (a ductal adenocarcinoma, pT1). All patients with malignant diseases had a disease-free surgical margin at final histologic examination. The mean (SD) tumor size was 37 (37) mm. The lesions were located in the head (4 patients), neck (9 patients), and body and tail (46 patients) of the pancreas. One patient had an intraductal papillary mucinous neoplasm of the whole pancreas.
OPERATIVE FINDINGS
Twenty percent of the laparoscopic pancreatic resections were switched to open laparotomy after exploration. In 5 (8%) patients, laparoscopy was switched to open laparotomy because the surgeon was unable to localize the tumor (n=3) or because the tumor was suspected to be malignant (n = 2). After the exploration, 55 laparoscopic procedures were planned, 12.7% of which were switched to open laparotomy. Type of procedures and reasons for conversion after exploration are reported in Table 2 . One patient with a malignant neuroendocrine tumor and liver metastases had a distal splenopancreatectomy associated with left colonic flexure resection and had 3 tumorectomies and 2 radiofrequency ablations of liver metastases laparoscopically. In the group that underwent laparoscopic distal pancreatectomy without splenectomy, both splenic vessels were preserved in 7 patients. In the other 13 patients, the spleen remained vascularized by the short vessels.
The total median operative time was 210 (range, 60-570) minutes; for the successful laparoscopic opera- tions, it was 180 (range, 60-570) minutes; and for procedures switched to open laparotomy, it was 240 (range, 65-360) minutes (P= .007). In the group of totally laparoscopic operations, the median time was 110 (range, 60-228) minutes for enucleation, 200 (range, 90-350) minutes for distal pancreatectomy with spleen preservation, and 246 (range, 153-390) minutes for distal splenopancreatectomy. Operative time was 450 minutes for pancreatoduodenectomy (n=1) and 570 minutes for total pancreatectomy (n = 1). The median blood loss was 100 (range, 50-750) mL. Blood loss exceeding 300 mL occurred in 9 patients (15%). Only 1 patient (1.6%) required blood transfusion for postoperative bleeding.
PERIOPERATIVE COMPLICATIONS
Postoperative death occurred in 1 case (1.6%) owing to mesenteric ischemia after tumor enucleation in an arteritic patient. The overall postoperative complication rate was 36%, which is not significantly different from the successful laparoscopic pancreatic resection rate (31%) and the rate of switched procedures (58%). The rate of pancreatic complications was 25% for the whole series (6% for enucleation [grade A, n = 1], 45% for distal splenopancreatectomy [grade B, n = 2; grade C, n = 1], 83% for medial pancreatectomy [grade A, n=3; grade B, n=2], and 20% for distal pancreatectomy [grade A, n = 2; grade B, n=2; grade C, n = 1]), which is not significantly different from the rate of successful pancreatic resections (21%) and procedures switched from a laparoscopic to an open approach (41%); 1 grade A pancreatic fistula occurred after the Whipple procedure. Pancreatic fistulae were symptomatic in 8 (13%) patients (grade B, n =6; grade C, n = 2). In 7 (11%) patients, pancreatic fistulae were asymptomatic (grade A) and were detected by routine assay of amylase level on drainage fluid. 20 For medial pancreatectomies, the origin of pancreatic fistulae was pancreatic proximal stump in 2 patients.
Splenic complications occurred in 3 (17.6%) patients after distal pancreatectomy with spleen preservation without splenic vessels preservation. Two patients presented with pain in the left upper quadrant of the abdomen early in the postoperative period, and CT scans showed partial splenic infarction. Both of these patients were treated with antibiotics. One of the patients was rehospitalized for clinical sepsis, and splenectomy was performed for necrosis of the spleen. The third patient was asymptomatic, and a splenic infarction was diagnosed by means of a routine CT scan. Thus, the final spleenpreservation rate was 88%.
The multivariate, stepwise analysis identified pancreatic consistency (hazard ratio, 0.15; 95% confidence interval, 0.05-0.26; P =.02, Cox proportional hazards regression) and pancreatic resection that required anastomosis (hazard ratio, 0.63; 95% confidence interval, 0.5-0.8; P=.002, Cox proportional hazards regression) as independent factors of postoperative complication. Reoperation was required in 5 (8%) patients ( Table 3) . Gastric perforation was caused by trauma to the posterior gastric wall by forceps. Jejunal perforation, probably due to electrocoagulation injury during dissection of the tumor, occurred after conversion to open laparotomy.
The median postoperative hospital stay was 13 (range, 4-50) days in the whole series. In successful laparoscopic operations, the mean (SD) postoperative hospi- 
LONG-TERM OUTCOMES
All patients operated on for benign pancreatic disease were alive at follow-up (median, 20 [range, 2-108] months). One patient operated on for insulinoma still complains of hypoglycemia. In this case, the insulinoma could not be localized during laparoscopic exploration and an open distal pancreatectomy was finally performed owing to the results of preoperative localization tests. The pathologic findings showed nesidioblastosis without any tumor. The 3 patients operated on for pancreatic malignancies were still alive with a median follow-up of 23 (range, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] months. There was a liver tumor recurrence in the patient operated on for malignant neuroendocrine tumor with liver metastases; she was treated with radiofrequency ablation.
COMMENT
Laparoscopic pancreatic resection requires considerable expertise in both pancreatic and laparoscopic surgery, and it seems unreasonable that even an experienced laparoscopist would be able to perform laparoscopic pancreatic resection outside of regular practice of open pancreatic surgery. That being the case, this series reflects the results of a surgical team with past experience in pancreatic and laparoscopic surgery.
The mortality and morbidity rates after either laparoscopic or open pancreatic resection in this series were similar to those reported in the literature. 10, 11, 13, [15] [16] [17] [18] [21] [22] [23] [24] Pancreatic fistulae continue to be a major complication after pancreatic resection, either laparoscopic or open. Pancreatic complications occurred in 25% of the patients in this series and in 19% of distal pancreatectomies and enucleations. Our pancreatic complication rate compares favorably with rates in the literature reported after pancreatic resection (either by laparotomy or laparoscopy), especially considering that 90% of our patients were high risk with soft and friable pancreata and 47% of pancreatic fistulae were grade A. 11, 13, 16, 21, [23] [24] [25] For medial pancreatectomies, our pancreatic fistula rate is higher than rates reported by others. However, 3 patients had grade A pancreatic fistulae and only 2 (33%) had grade B pancreatic fistulae. In the series of medial pancreatectomies, the definition of pancreatic fistulae is unclear and their occurrence ranges from 0% to 40%, with a global morbidity rate from 0% to 71%. Clearly, medial pancreatectomy is an attractive alternative to more radical resections; however, the current role of medial pancreatectomy remains unclear on account of the early associated morbidity, even by laparotomy. 23, 26, 27 In our series, pancreatic complications were associated with a significantly prolonged hospital stay; multivariate analysis showed that a pancreaticoenteric reconstruction is the most significant factor affecting the occurrence of postoperative complications. There is a strong argument to be made in favor of restricting laparoscopic pancreatic resection by requiring pancreaticoenteric reconstruction. In laparoscopic left pancreatectomies, the pancreas was most often transected with a stapler. Some authors argue that this could be a cause of pancreatic fistulae. A meta-analysis of the technique used for closing the pancreatic stump after distal pancreatectomy cannot conclusively determine which is best; nevertheless, there is a trend that favors the stapling technique. 28 In our series, the pancreatic stump after distal pancreatectomies was always dealt with by means of stapler application, and symptomatic pancreatic fistulae occurred in only 11% of patients. Therefore, transecting the pancreas by means of a stapler without closing the pancreatic duct appears to be an appropriate technique for distal pancreatectomies. The use of somatostatin analogues for preventing fistulae formation or accelerating this closure has been studied in 10 randomized clinical trials. Despite this, the role of these drugs remains unclear; only 5 studies showed a positive effect, 2 a selective effect, and 3 no benefit whatsoever. 24, [28] [29] [30] [31] [32] [33] [34] [35] [36] However, a recent meta-analysis has shown that somatostatin analogues reduced morbidity and pancreatic complications. 37 We have never used somatostatin analogues preoperatively.
The median hospital stay in our series was 13 days longer than in other laparoscopic series. 11, 13, 16, 21 This longer hospital stay is due to our policy to continue abdominal drainage until postoperative day 10. According to results of laparoscopic enucleations and distal pancreatectomies, drainage is now discontinued more rapidly to reduce hospital stays. In a previous study, we showed that hospital stays are significantly reduced in patients who underwent totally laparoscopic resections of insulinomas compared with patients who underwent open operations. 38 In the literature, the most common indication for laparoscopic pancreatic resection was presumably benign pancreatic disease [10] [11] [12] [13] [14] [15] [16] ; indeed, 95% of patients in our series had this indication. The most common indication was resection not requiring reconstruction (87%), especially resection of lesions on the left side (93% of resections). Enucleations and distal pancreatectomies represent 87% of the present series, with laparoscopic feasibility of 100% and 80%, respectively, in accordance with other series. 9, 12, 13, 15, 16, 21 In our study, the first laparoscopic pancreatic resection requiring pancreaticoenteric reconstruction was performed after extensive experience with pancreatic resection without reconstruction (26 procedures); this acquired expertise probably explains our laparoscopic success rate of 100% for pancreatic resections with pancreaticoenteric reconstructions. We performed 7 pancreaticogastrostomies (6 medial pancreatectomies and 1 Whipple procedure); pancreatic fistulae due to anastomoses occurred in 4 patients (grade A, n=2; grade B, n=2). The laparoscopic approach remains to be validated in cases in which reconstruction is necessary. Nevertheless, lesions located in the head of the pancreas are harder to approach laparoscopically, often require reconstruction, and are most often malignant. The limited number of patients with pancreatic malignancies in the litera- ture and in this series does not allow for determination of laparoscopy's role in the management of these tumors. 13, 16, 17 Nevertheless, the results of open operations in pancreatic adenocarcinomas suggest that the aim is to increase R0 resections and survival rather than to evaluate the role of laparoscopic surgery. In benign pancreatic diseases, the spleen and the pancreatic parenchyma should be preserved as much as possible.
The incidence of postsplenectomy sepsis is 0.28% to 1.9%, with a mortality rate of 2.2%, and the significance of spleen preservation has come to be recognized widely. 39 However, the question of spleen-preserving distal pancreatectomy is still controversial. In the literature, when a tumor is located in the body or tail of the pancreas, distal splenopancreatectomy has been the most frequently performed procedure. Recently, Lillemoe et al 24 reported the largest series of distal pancreatectomies for a variety of pancreatic disorders, including benign and malignant lesions, and only 16% of those patients had spleen preservation. The low rate of spleen preservation can be explained by (1) the relative technical simplicity of distal pancreatectomy with simultaneous splenectomy compared with procedures of spleen salvage and (2) a higher rate of pancreatic complications in patients who underwent distal pancreatectomy without splenectomy. 40 According to the series from Memorial SloanKettering Cancer Center, 41 which showed that postoperative complications, septic or not, were significantly more frequent in the splenectomy group (28% and 11%, respectively) compared with the spleen preservation group (9% and 2%, respectively). In our study, we performed open and laparoscopic spleen-preserving pancreatectomies to prevent the potential short-and long-term complications associated with splenectomy; the final spleen-preservation rate was 88%. There were 2 techniques of spleen preservation with or without splenic vessels preservation. The Warshaw 19 technique (without splenic vessels preservation) is faster and less technically demanding than splenic vessels preservation, but it is associated with splenic complications, which are usually managed conservatively. 21 In our study, splenic complications after the Warshaw technique occurred in 17.6% of patients, but only 1 (5%) patient required secondary splenectomy.
Enucleation and medial pancreatectomy are designed to preserve the parenchyma and surrounding structures (eg, duodenum, common bile duct, and spleen) to reduce early and late drawbacks to the operation without compromising long-term survival. Our study showed that parenchyma preservation can be achieved by laparoscopic procedures, demonstrating that medial laparoscopic pancreatectomy is as viable and safe as open operations. 23 In conclusion, our study demonstrates that laparoscopic pancreatic resection is feasible and safe. However, the best indications for a laparoscopic approach were for presumably benign pancreatic tumors that required pancreatic resections without pancreaticoenteric reconstruction. For presumably benign lesions, the goal of spleen salvage and pancreatic preservation can and must be achieved laparoscopically. In addition, laparoscopy is associated with decreased postoperative pain, reduced trauma to the abdominal wall, smaller incisions, cosmetic advantage, and a quicker return to previous activity in patients. We believe that laparoscopy should become the standard approach in the future to enucleation and distal pancreatectomy of presumably benign lesions. The role of laparoscopy in cases of malignant and cephalic lesions, in light of technical difficulties, oncological results, and postoperative complications, remains undetermined.
INVITED CRITIQUE
T hroughout the last decade, there have been 2 major trends observed in pancreatic surgery: (1) the increased frequency of detection of pancreatic "incidentalomas" owing to the widespread use of abdominal imaging and (2) the development and refinement of laparoscopic techniques for pancreatic resection. Fortunately, these 2 trends fit nicely together, allowing a minimal access option for the resection of the ever-increasing number of pancreatic neoplasms identified. Because most of these incidental lesions are benign or, at worst, premalignant and most of them occur in women, laparoscopic pancreatic surgery has been embraced at most high-volume pancreatic centers.
This study by Sa Cunha and colleagues is one of the largest series of laparoscopic pancreatic surgery yet reported. The authors describe 60 patients undergoing a variety of surgical resections, including distal pancreatectomy (with or without splenectomy), medial pancreatectomy, tumor enucleation, and even a pancreatoduodenectomy and a total pancreatectomy. Their results reflect both their own learning curve (20% conversion rate) and a relatively high rate of complications, which is comparable with reported series of open pancreatic procedures.
My view is that this series, and many others that have been or will be reported, makes it clear that distal pancreatic resection and enucleation are safe, practical, and offer the traditional advantages of minimal-access surgical techniques. I believe that this series, however, reinforces that resections that require a pancreatic anastomosis are still of questionable value owing to their unacceptably high risk of anastomotic leaks.
Finally, these authors, like others, have performed resections in selected patients with malignant pancreatic tumors. Although these uncontrolled results would appear satisfactory with respect to margin status and lymph node clearance, I hope that my fellow pancreatic surgeons will follow the example set by colorectal surgeons and apply the rigor of a prospective randomized multi-center trial before we get too enthralled with the potential advantages of these techniques for pancreatic malignancies.
